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NE of tiie BQoft remarkable fa6ts obferved in; navigating;; 
the ocean J is that:Gonftant and lapid current which fifts 
along the coaft of North America to- the northward and' eaft- 
ward, and is commonlj Inown to feamen^ by the name of the 
Gulf-jftream^ It feems juftly attributed to the efFe£l of the 
trade- winda^ which blowing from the eaftern quarter into the 
great Gulf of Mexico^ caufe there an accumulation of the 
water above the common: level of the lea ; , in. Gonfcquence of ; 
which,, it Is conftantly running out by the channet where it 
finds leafi refiilance,. that is, through the Gulf of Florida,,. 
with;fueh &rce as.to contincie a diftinft fiream to a very great: 
diftance,. Since all ibips going from Europe to any of the: 
ibuthern provinaes of North America muft crofs this current,,, 
and are materially affefted by it in their courfe, every cirGum- 
ffance of its motion becomes an objeft highly interefting to the- 
feaman*, aa well as of great curiofity to the philofoplftn An. 
obfervatian which occurred to me on the fpot fuggefts- a new 
method of in veftigating a> matter that: appears fo; worthy o£ 
attention. 

Diaring^a voyage to America in the ipring of the year 17765 1 
ufed frequently to examine the heat of fea- water newly drawn 5 
ia order to compare it vvith that.of:the air« We made our paflage 

far: 
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flir to the foiithward. In this fituation, the greateft heat of the 
water which I obfervecl was fuch as raifed the quickfilver in 
Fahrenheit's thermometer to J^h This happened twice; 
the firft tune on the loth of April, in latitude ti"" lo^ N,.aiid 
longitude, by our reckoning, 52"" W; -and the fecond time, 
three days afterwards, in latitude 2 a'' f and longitude K^f ; but 
in general the heat of the fea near the tropic of Cancer about 
the middle of April was from yS"" to 77^ 

The rendezvous appointed for the fleet being off Cape Fear, 
our courfe, on approaching the American coaft, became north* 
weftward. On the 23d ^ of April the heat of the fea was j^% 
our latitude at noon 28'' 7^ N, Next day the heat was only 
71'' ; we were then in latitude 29"" 12^ ; the heat of the water, 
therefore, was now leflening very fafl: in proportion to the 
change of latitude. The 25th our latitude was ji"^ J^; but 
though we had thus gone almoft 2"^ farther to the northward, 
the heat of tiie fea was this day rather increafed, it being 7 2"" 
in the morning, and 72''| in the evening. Next day, the 26th 
of April, at half after eight in the morning, I again plunged 
the thermometer into fea- water, and was greatly furprifed to 
fee the quicklilver rife to 78% higher than I had ever obferved 
it, even within the tropic, ^s the difference was too great to 
be imputed to any accidental variation, I immediately conceived 
that we muft have come into the Gulf-ftream, the water of 
which ftill retained great part of the heat that it had acquired 
in the torrid zone. Tills idea was confirmed by the flibfequent 
regular and quick diminution of the heat: the fliip's run 
for a quarter of an hour had leffened it %" i the thermometer^ 

* From the difference between civil and nautical time, it feecomes neceflarj to 
obferve-, that the former is always meant in this paper. 
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at three quarters after eight, being raifed by fea- water frefli 
drawn only to 76°; by nine the heat was reduced to 73'', and 
in a quarter of an hour more, to 71° nearly : all this time the 
wind blew freili, and we were going feven knots an hour on a 
north-weftern courfe. The water now began to lofe the fine 
tranfparent blue colour of the Ocean, and to aiFume fomething 
of m greenilli olive tinge, a well-known indication of found- 
ings. Accordingly, between four and five in the afternoon 
ground .was ft ruck with the lead at the depth of eighty fathom, 
the heat of the fea being then reduced to 69^ In thecourleof 
,_ the following night and next day, as we carrie4nto iliallower 
water and nparer the land, the temperature of the fea gra- 
dually funk to 65°, which was nearly that of the air at the 
time. 

Unfortunately bad weather on the 26th prevented us from 
taking an obfervatlon of the fun ; but on the 27th, though k 
was then cloudy at noon, we calculated the latitude from two< 
altitudes, and found it to be ^^"^ 26^ N. The difference of this^ 
latitude from that which we had obferved on the 25th, being 
z" 23:, was fo much greater than could be deduced from the 
fhip's run marked in the log-book, as to convince the feamea 
that we had been fet many miles to the northward by tbe^ 
current. 

On the 25th at noon, the longitude by g^ut reckonimg 
was 74° W. and I believe the computation to have beenb pretty 
juft ; but the foundings, together with the latitude, will deter- 
mine the fpot where thefe obfervations were made better thart 
any reckoning from the eaftward. The fhip's run on the 26th, 
from nine in the forenoon to four in the afternoon, was about 
ten leagues on a north- weft by north courfe ; foon afterwards 
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we hove-to in order to found, and, finding bottom, we went 
very flowly all night, and till noon the next day. 

From thefe obfervations, I think, it may be concluded^ 
that the Gulf-ftream, about the 33d degree of north latitude, 
and the 76th degree of longitude weft of Greenwich, is, in 
the month of April, at leaf! fix degrees hotter than the water 
of the fea through which it runs* As the heat of the fea- 
water evidently began to increafe in the evening of the 25th5 
and as the obiervations fhew that we were getting out of the 
current Vv^hen I firft tried the heat in the morning of the 26th, 
it is moft probable, that the Ihip's run during the night is 
nearly the breadth of the ftream meafured obliquely acrofs ; 
that, as it blew a frefli breeze, could not be much lefs than 
twenty-five leagues^ in fifteen hours, the diftance of time be- 
tween the two- obfervations of the heat, and hence the breadth 
of the ftream may be eftimated at tv»?^enty leagues* The breadth 
of the Gulf of Florida,, whicli evidently bounds the ftream at 
its origin, appears by the charts to be two or three miles lefs 
than this,. excluding the rocks and fand-banks which ftirround the 
Bahama Iflands, and the fhallow water that extends to a confi- 
derable diftance from the Coaft of Florida; and the correfpon- 
dence of thefe meafures is very remarkable, fince the ftream^ from 
well-known principles of hydraulics, muft gradually become 
wider as it gets to a greater diftance from the channel by which 
it ifiiies. 

If the heat of the Gulf of Mexico was known, many cu- 
rious calculations might be formed by comparing it with that of 
the current. The mean heat of Spanifh-town and Kingfton in 
Jamaica feems not tO' exceed 81'' •^*;. that of St. Domingo on 

* Hiftoiy of Jamaica, London, 1774, vol. IIL. p. 652^ 653.. The different 
obfervations of the heat recorded in that work do not agree together ; but thofe 
adopted here are taken from, that ferles wliich appeared to ni|^ the moH correct. 
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the fea-coaft may be eftlmated at the ilime frorn Moxif. qobin^s 
obfervations '^ ; but as the coaft of the continent which bounds 
the gulf to the weftward and fouthward is probably warmer^ 
perhaps a degree or two may be aliow^ed for the mean tempera- 
ture of the clinlate over the whole bay : let it be ftated at 82'' 
or %-f. Now there feems to be great probability in the fuppo- 
iition that the fea, at a certain comparatiFely fmall diftance be- 
low its furface, agrees in heat pretty nearly with the average 
temperature of the ai^r during the whole year in that part ; and 
hence it may be conjeftured^ that the general heat of the 
water, as it iflues out of the bay to form the ftream, is about 
iSz^'t? t^^^ fmall variations of temperature on the furface not 
being fufficient to affefit materially that of the g'eneral mafs« 
At the tropic of Cancer I found the heat to be 77° ; theftrearn, 
therefore^ in its whole courfe from the gulf of Florida, may 
be fuppofed to have been conflantly running through water 
from 4^ to 6° colder than itfelfj and yet it had loft only 4'' of 

^ Manf. GODiN^s expei'imeHt& upon the pendulum were miade at the Petit 
CJoave. They contimied from the 24th of Aiigilft to t^e 4th of September, and 
the average heat during that time was fuch as is indicated by 35° of Mortf. be 
iReaumur's thermometer (fee Mem, Acad« Scienc. 1735, p« 5^7')^ Accoixling to 
Monf, DE Luc*s calculation (fee Modifications.de FAtmofpere, vol, I, p. 378.) 
die 2 jth degree ©f Monf. de reaumxjr's /r^^ thermometer anfwers to about the 
iSjth of Fahrenheit's; but the average heat in Jamaica during the months of 
Auguft and September is' alfo 85^; hveiice 'We may conclude, that the mean heat 
for the whole year is nearly the fame on the fea-coails in both iilands, 

f The lovveil caleulation of the mean temperature of the gulf is preferred on 
this occafion, becaufe of the conftant iniux of new water from the Atlantic 
Ocean produced by the trade -winds ; which water not having been near any land 
muil, 1 think, be fenfibly cooler than thatvvhich has remained fonie time inclofei 
in the bay. On this fubjed the obfen^ations- made by Alexander dalr ympiEj^ 
Efq* relative to the heat of the fea near the Coaft of Guinea 5 ought to be con- 
sulted (fee FhiivTranilvoULXVIlIr p. ^^3 
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IeaLt,/th©ugh tHe furroundlng water where I obferved it was 
lo"" below the fuppofed original temperature of the water which 
forms the current. From this fmall diminution of the heat, in 
a diftance, probably of 300 miles, fome idea may be acquired 
orthe vail body of fluid which fets out of the gulf of Mexico, 
and of the great velocity of its motion. Numerous obferva- 
tions on the temperature of this ftream, in every part of it, 
and at different feafons of the year,., compared with the heat of 
the water in the furrounding feas^ both within and without 
the tropic, would, I apprehend^, be the beft means of afcer- 
felning its nature, and determining every material circumflance 
of its movement, efpecially if the effe£t of the current in 
pulhlng fhips to the northward is carefully attended to, at the 
feme, time with, the obfervations upon its heat, . 



©h: flier 25th of Septemberr i^^yj, as the ijups rwhicH? had 
franfpdrted Sir wiLiiiJ^Mi howl's arm j^^^ Chelapeak Bay were 
returning toward the Delaware, with the fick and flo res, they 
were overtaken,, between Cape Charles and Cape Hinlopen, by 
a violent gale of wind, which, afteribme variation^ fixed ulti- 
mately at N.N>E. and continued five days, without intermifiion^ 
It blew; f hard. that, we were; conflantly. Jofing ground,, and 
driving to thefbuthwardb we alfbf>urpo{ely made Ibme ^^/i^to 
keep clear of the dangerous ihoals which lie off Cape Hatteras* 

The 2&h at: noon our latitude was ^-^ 40^ N. and the heat 
©f the fea. all: day about 65^. ^ On the apthourlatitude was 
36^ 2/ ; we had, therefbre, in the courfeof thele twenty- four 
toursj/been driven by the wind jp nautical miles to the ibuth- 

ward :: 
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ward: the teiiiperatiire of the fea coiitlnned nearly at 65"** 
Next day^ the 30th, our latitude at noon was 3 5.^ 44^, only 
'18 miles farther to the foiithward, tliough in the opinion of 
the feamen aboard, as well as my own, it had blown at leaft 
as hard on this as any of the preceding days, and we had not been 
able to carry more fail; confeqnently it may be concluded, that 
fome current had fet the (hip 20 miles to the northward. To 
know whether this was the Gulf-ftream, let us confult the 
thermometer. At half after nine in the forenoon of this day 
the heat of this w^ater was 76"", no lefs than eleven degrees 
above the temperature of the fea before we came into the 
'current-! ^' -- 

Towards evening the wind fell, and we flood N.W. by N, 
clofe-hauled. As the fea ftill ran very high, and the (hip fcarcely 
went above two knots an hour, we did not make lefs than three 
points of lee-way on this tack ; the courfe we made good, 
therefore was W.N.W. which, on the diftance run by noon 
next day, gave us about iixteen miles of northing; but that 
day, the I ft of October, our latitude was 36"* 22^, 38 miles 
farther to the north than we had been the day before ; the dif- 
ference, 22 miles, muft be attributed to the Gulf-ftream. This, 
however, is only part of the efFeft which the current would 
have produced upon the fhip if we had continued in it the 
whole four and twenty hours ; for, though we were ftill in the 
ftream at five in the afternoon of the 30th, as appeared by the 
heat of the water being then above y^"^^ and at eight in the 
evening the heat being ftill 74% yet by feven next morning we 
were certainly got clear of it, the heat of the fea being then 
reduced to its former ftandard of 65''. On thisoccafion, there- 
fore, we did not crofs the ftream, but having failen-in with it 

obliquely 
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^liquelj on the weftern fide, we pufhed out again on the fame 
lide as foon as the gale abated. 

Thefe obfervatlons having been made three degrees to the 
northward of my former ones, it is curious to obferve, that the 
heat of the Gulf-ftream was about 2" lefs* The ieafons of the 
year, indeed, were very different; but, perhaps, under fuch 
circumftances that their effedls were nearly balanced. In the 
latter obfervatlons the meridian altitude of the fun was lefs ; 
but then a hot fummer preceded them : whereas in the former, 
though the fun's power was become very great, yet the winter 
had been paft but a fhort time. Calculating upon this propor- 
tion we may be led to fufpeft, that about the 27th degree of 
latitude, which is as foon as the ftream has got clear of the 
gulf of Florida, it begins fenfibly to lofe its heat from 82% the 
fuppofed temperature of the gulf of Mexico, and continues to 
lofe it at the rate of about a° of Fahrenheit's fcale to every ^^■ 
of latitude, with fome variation, probably as the furrounding 
fca, and the air, are warmer or colder at different feafons of 
th^ year. 

The preceding fafls had made me very defirous of obierving 
the heat of the Gulf-ftream on my pafiage homeward ; but a 
violent gale of wind, which came on two days after w^e had 
failed from Sandy Hook, difabled every perfon aboard, who 
knew how to handle a thermometer, from keeping the deck^ 
The mailer of the ihip, however, an intelligent man, to whom 
1 had communicated my views, aflured me, that on the fecond 
day of the gale the water felt to him remarkably warm ; we 
were then near the 70th degree of weft longitude. This agrees 
very wellwith the common remark of feamen, who alledge^ 
that they are frequently fenfible of the Gulf-ftream off Nan* 

Vol, LXXL "Z % tucket 
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tucket flioalsj a diftance of more than ioqo miles firora tfie 
gulf of Florida! According to the calculation I have be- 
fore adopted of a lofs of two degrees of heat for everj 3"^ of 

latitude, the temperature, of the Gulf-ftream here would be 
nearly ^j"" ; the difference of which from 59\ the heat that I 
obferved in the fea-water both before and after theg-ale, might 

I - ■ 

ealily be perceived by the mafter of the veffel._ This was in 
the winter feafon, al the end. of December. 

An opinion, prevails among feamenj that there is fomething 
peculiar in the weather about the Gulf-ftream. As far as I 
could judgCj the heat of the air was confiderably increaied by- 
it, as might be expefted ;. but wliether to a degree or extent 
fufficient for producing any material changes in the atmofphere. 
muft be determined by future obfervations. 

Perhaps other currents may be found; which^ ifluing from 
places, warmer or colder than the furrounding fea, differ fro_i 
it in their temperature fo much as to be difcovered by the ther- 
mometer. Should tliere be many fuch, this inflrument will 
come to he ranked among the moft valuable at fea ;; as the diffi>- 
culty of afcertaining currents h well known to be one of the 
greateft defefts in the prefent art of navigation*. 

In the mean time, I hope the obfervations which have been 
here related are fufficient to prove, that in, crofling the Gulf- 
flream very effential advantages may be derived from the ufe 
of the thermometer : for if the mafter of a Ihipt bound to any 
of the fouthern provinces of North America, will be careful 
to try the heat of the fea frequently, he mufl difcover very 
accurately his entrance into the Gulf-ftreamjby the fliddenin- 
creafe of the heat ;, and a continuance of the fame experiments 
will fhew him, with equal exaftnefs, how long he remains in 
it:^ Hence he will always be able to make a proper allowance 

\ for- 
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tMe number of miles that the Ihip is fet td the nortliward, 
by multiplying the time into the velocity of the current.^ 
Though this velocity is hitherto v^ry imperfeftly known, for 
want of fonie method of determining how long the current- 
a£ted^ upon the {hips, jct all uncertainty ariftng from thence 
muft foon ceafe,- as a few experiments upon the heat of the 
ftream,. compared with the fliip's run checked by obfervations 
of the latitude^, will afcertain its motion with fiifficient preci- 
iion. From differences in the- wind, and perhaps other cir- 
Gumfl-ances, it is probable, that there may be fome variations 
in the velocity of the current ; and it will be curious to ob« 
ferve, whether thefe variations may not frequently be pointed 
out by a difference in its temperature ;. as the quicker the cur- 
rent moves^ the lefs heat islikely to be loft,, and confequently 
the hotter will the water be. In this obfervation,, however, the 
feafon of the year muft always- be confidered; partly, becaufe 
it may, perhaps, in fome degree affect the original temperature 
of the water in the gulf of Mexico ;; but principally, becaufe 
the adual heat of the flream muft be greater or lefs in propor- 
tion as the trad of the fea through which it has flown was 
warmer or colder. la. winter, T. fhould fuppofe, that the heat 
of the ftream itfelf would be rather lefs than in fummer ;: but 
that the difference between it and the furrounding fea would be 
much greater; and I can conceive that,, in the middle of fum- 
mer, though; the ftream had loft very little of its original heat5 
yet the fea might, in fome parts, acquire fo nearly the fame 
temperature, as to render it fcarcely poifible to diftinguifti by 
ihe thermometer when a fliip entered into the current. 

Befides the convenience of correfting a ihip's courfe, hj 
knowing how to make a proper allowance for the diftance fhe is 
fet to the northward by the current;^ a method of determining 
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with certainty when fhc enters into the Gulf- ftream is attended 
with the further ineftimable advantage of ftiewing her place 
upon the ocean in the moft critical fituation : for, as the cur- 
rent fets along the coaft af America at no great diftance from 
foundings, the mariner, when he finds this fudden increafe of 
heat in the fea, will be warned of his approach to the coaft, 
and will thus have timely notice to take the neceflkry precau- 
tions for the fecurity of his veffel. As the courfe of the Gulf- 
'ftream comes more to be accurately known, from repeated ob- 
fervations of the heat and latitudes, this method of deter- 
mining the fliip*s place will be proportionably more applicable 
to ufe. And it derives additional importance from the peculiar 
circumftances of the American coail, which, from the mouth 
of the Delaware to the fouthernmoft point of Florida, is every 
where low, and befet with frequent Ihoals, running out fo far 
into the fea that a veffel may be aground in many places where 
the {hore is not to be diftinguifhed even from the maft-head» 
The gulf-ftream, therefore, which has hitherto ferved only to 
increafe the perplexities of leamen, will now, if thefe obfer- 
vations are found to be juft in pradice, become one of the chief 
means of their prefervation upon that dangerous coaft. 




